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Introduction
Data from National Health and Nutrition Examination Survey were used to investigate variability in the levels of vitamin D (25OHD) by age, gender, and race/ethnicity for the general U.S. population for 2007-2010. Data were analyzed separately for those aged 1-11, 12-19, 20-64 , and ≥ 65 years. For each of these age groups, linear regression models with log10 transformed values of 25OHD levels as the dependent variable and gender, race/ethnicity, smoking status, and obesity as categorical independent variables, and age in single years, poverty income ratio, and log10 transformed values of calcium and phosphorous as continuous independent variables were fitted. Among children aged 1-11 years and adolescents aged 12-19 years, males were found to have higher 25OHD levels than females (p<0.01). In general, irrespective of age, the order of 25OHD levels by race/ethnicity was found to be non-Hispanic whites > Hispanics > non-Hispanic blacks and obesity was found to be associated with lower levels of 25OHD levels among children, adolescents, and adults aged 20-64 years. Among those aged >= 20 years, smoking was associated with lower levels of 25OHD (p<0.01). For children, age was negatively associated with 25OHD levels (p<0.01) and among adults aged 20-64 years, age was positively associated with 25OHD levels (p=0.01). Irrespective of age, poverty income ratio was positively associated with 25OHD levels (p<=0.01).
Keywords: Age; Gender; Race/ethnicity; Smoking; Obesity Role of vitamin D in human health has been enhanced during the recent years. Vitamin D should no longer be thought of just as a nutrient necessary for the prevention of rickets among children but also essential for the overall health and well-being of humans Holick, et al. [1] . Positive association between bone mineral density and 25-hydroxyvitamin D (25OHD) levels has been reported by Gutiérrez, et al. among non-Hispanic whites (NHW) and Mexican Americans (MA) but not among non-Hispanic blacks (NHB) [2] . Negative association between the levels of 25OHD and fasting glucose, fasting insulin, and diabetes risk has been observed among NHW and MA but not in NHB. The likelihood of having metabolic syndrome among adolescents was reported to be significantly higher among those in the first tertile of 25OHD than those in the third tertile of 25OHD by Ganji, et al. and similar association was also documented by Maki, et al. [3, 4] . Inverse associations between the levels of 25OHD and allostatic load (Frei, et al.) history of community acquired pneumonia (Quraishi, et al.) acute respiratory infections (Monlezun, et al.) anemia (Atkinson, et al.) (Soderstrom, et al.) and psychiatric disorders among children aged 1-17 years (Zhang, et al.) have been reported using data from National Health and Nutrition Examination Survey (NHANES) [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Milman, et al. reported higher levels of vitamin D to be associated with delayed ageing because vitamin D levels may delay cognitive impairment [15] . Inverse association between 25OHD levels and all cause and cause specific mortality have also been reported Schmutz, et al. Zhao, et al. Deng, et al. Cheng, et al. Michos, et al. Bakhru, . However, Freedman, et al. used mortality linked data from NHANES 1988-2006 and concluded that their results did not support the hypothesis that 25OHD is associated with reduced cancer mortality, although cancer mortality in females was inversely associated with 25OHD in the summer/higher latitude group [22] .
As reported above, data from NHANES (www.cdc.gov/nchs/nhanes.htm), conducted by the US Centers for Disease Control and Prevention have been comprehensively used to assess associations between 25OHD levels and a variety of health conditions [23] . NHANES provided data on 25OHD in serum for NHANES III conducted during [1988] [1989] [1990] [1991] [1992] [1993] [1994] [24] . Since, this is the first time that raw data for 25OHD levels based on LC-MS/MS are being presented, these data may be used to not only study variability in 25OHD levels by age, gender, and race/ethnicity but also to develop revised thresholds for Vitamin D deficiency and sufficiency levels based on LC-MS/MS assay. levels for 1988-1994, 2001-2002, 2003-2004 It should be noted that data on demographics are collected from NHANES participants during an in-home interview. Self-reported data on age, gender, race, ethnicity, family income, family size, and other demographic variables are collected and used to compute variables like race/ethnicity and poverty income ratio before they are released in the public domain. For example, age is computed from self-reported or imputed data of birth (https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/DEMO_E.htm#Data_Processing_ and_Editing). Race/ethnicity is computed from self-reported date on race and Hispanic origin. Poverty income ratio is computed by dividing self-reported family income by US government specified poverty guidelines specific to self-reported family size as well as appropriate year and state of residence (https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/DEMO_E.htm#Data_Processing_ and_Editing).
The sampling plan for NHANES generates data which are representative of the civilian, non-institutionalized U.S. population. Sampling weights are created in NHANES to account for the complex survey design, including oversampling, survey nonresponse, and post-stratification. All analyses conducted for this study incorporated sampling weights and design characteristics like information on stratification and clustering.
Quantitative detections of 25-hydroxyvitamin D3 (25OHD3), 25-hydroxyvitamin D2 (25OHD2), and epi-25-hydroxyvitamin D3 (epi-25OHD3) were made by utilizing ultra-high performance liquid-chromatography mass spectrometer and 25OHD was used as the sum of 25OHD2 and 25OHD3. Details are available at http://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/VID_E. htm#Description_of_Laboratory_Methodology.
Since the distributions of 25OHD were positively skewed for each of the four databases, namely, for those aged 1-11 years (skewness=0.50), 12-19 years (skewness=0.80), 20-64 years (skewness=0.76), and 65+ years (skewness=0.58), all values of 25OHD were log10 transformed before using 25OHD as the dependent variable in each of the four models that were fitted.
Laboratory methodology Outcome variable
For each of the four regression models, gender (male, female), obesity (obese, not obese), and race/ethnicity (non-Hispanic white or NHW, non-Hispanic black or NHB, all Hispanics or HISP, other unclassified race/ethnicities or OTH) were used as categorical independent variables. For those aged >= 19 years, obesity was defined as having a body mass index of >= 30 kg/m 3 . For those aged < 19 years, obesity was defined as being at or above the 95 th percentile of the gender-age specific distributions for the body mass index. In addition, for the models for those aged 12-19, 20-64, and 65+ years, smoking status was also used as an independent categorical variable. All those with serum cotinine levels of < 10 ng/mL were defined as non-smokers and all those with serum cotinine level of >= 10 ng/mL were defined as being smokers. Age and poverty income ratio (PIR) were used as continuous independent variables in all four models. In addition, for the models for those aged 12-19, 20-64, and 65+ years, log10 transformed values of serum calcium and serum phosphorus were also used as continuous independent variables.
Covariates/Independent variables
As previously mentioned, separate multivariate regression models were fitted for those aged 1-11, 12-19, 20-64, and 65+ years old with log10 transformed values of 25OHD as dependent variables and covariates/independent variables as defined in the previous section. First order interactions terms between gender, race/ethnicity, obesity, and smoking statuses were also included in the models but were retained in the final models if one or more them were found to be statistically significant at α=0.05. All analyses were done using SAS University Edition software (www.sas.com).
Statistical Analysis

Results
No statistically significant interaction term was detected for the model (R 2 =28.2%, actual N used=2890) for those aged 1-11 years. First order interaction term between gender and race/ethnicity (p<0.01) was found to be statistically significant for the model (R 2 =39.3%, actual N used=2069) for those aged 12-19 years. Statistically significant interactions between gender and race/ethnicity (p<0.01), gender and obesity (p<0.01), gender and smoking status (p<0.01), and race/ethnicity (p<0.01) were found for the model (R 2 =28.7%, actual N used=7617) for those aged 20-64 years. The only interaction that was found to be statistically significant for the model (R 2 =13.2%, actual N used=2690) for those aged 65+ years was between race/ethnicity and obesity (p=0.04).
The regression coefficients provided in the results below should be carefully interpreted since they are associated with log10 transformed values of 25OHD and in case of calcium and phosphorus, regression coefficients are between log10 transformed values of calcium and phosphorous with log10 transformed values of 25OHD levels. For example, in Table 2 , for those aged 1-11 years, regression coefficient between age and log10(25OHD) was -0.00832 meaning a unit increase in age is associated with a decrease in the value of 25OHD equal to (10 0.00832 -1) or 0.02 nmol/L. Similarly, a regression coefficient of 0.9036 between log10(calcium) and log10(25OHD) for those aged 20-64 years means a unit increase in the value of log10(calcium) in mmol/L is associated with an increase in the value of 25OHD equal to (10 0.9036 -1) or 7.0 nmol/L. Male children were found to have statistically significantly higher adjusted geometric means (AGM) for 25OHD levels than females children (65.4 vs. 63.2 nmol/L, p<0.01, Table 3 ). The order in which AGMs for 25OHD levels by race/ethnicity was observed was NHW (76.6 nmol/L) > HISP (62.7 nmol/L) > NHB (55.8 nmol/L) and all pairwise differences were statistically significant (p<0.01). Compared to NHB, NHW children had about 37% higher 25OHD levels. AGMs for HISP and OTH were similar (p>0.05). Obese children had statistically significantly lower AGMs for 25OHD than non-obese children (61.9 vs. 66.8 nmol/L, p<0.01, Table 3 ). The levels of 25OHD decreased with increase in age among children (β=-0.00832, p<0.01, Table 2 ). PIR was positively associated with 25OHD levels (β=0.00547, p=0.01, Table 2 ). Table 3 ), male adolescents had statistically significantly higher (p<0.01, Table 3 ) 25OHD levels than females. However, there were no statistically significant differences for 25OHD levels among NHW adolescents (66.8 vs. 69.2 nmol/L, p>0.05). Consequently, observed male-female differences for 25OHD levels among adolescents were primarily determined by NHB and HISP.
Children aged 1-11 years
Adolescents aged 12-19 years
Among both male and female adolescents, the order in which AGMs for 25OHD were observed was NHW > HISP > NHB and all pairwise differences were statistically significant (p<0.01, Table 3 ). Among males, the AGMs were 66.8, 54.3, and 41.1 nmol/L for NHW, HISP, and NHB respectively and NHW male adolescents had 63% higher AGMs than NHB adolescents. Among females, the AGMs were 69.2, 47.5, and 35.2 nmol/L for NHW, HISP, and NHB respectively and NHW female adolescents had 97% higher AGMs than NHB adolescents. In other words, differences in 25OHD levels among NHW and NHB were substantially wider among females or 34.0 nmol/L than they were among males or 25.7 nmol/L. Age did not affect the levels of 25OHD levels among adolescents (Table 2 ) but higher PIR was associated with increased levels of 25OHD (β=0.01274, p<0.01, Table 2 ). A statistically significant positive association between 25OHD and serum calcium levels was observed (β=1.24702, p<0.01, Table 2 ).
Obese adolescents had statistically significantly lower AGMs for 25OHD than non-obese adolescents (46.9 vs. 53.8 nmol/L, p<0.01, Table 3 ). Smoking did not affect the levels of 25OHD levels among adolescents.
While male NHW were found to have statistically significantly lower levels of 25OHD than females NHW (65.5 vs. 67.8 nmol/L, p=0.4, Table 4), the opposite was true for HISP male-female comparison (53.4 vs. 49.1 nmol/L). Among males, the order in which 25OHD levels by race/ethnicity was observed was: NHW > HISP > OTH > NHB and all pairwise differences were statistically significant (p<0.01). Among females, the order in which 25OHD levels by race/ethnicity was observed was: NHW > OTH > HISP > NHB and all pairwise differences except between HISP and OTH were statistically significant (p<0.01). The NHW-HISP difference in AGMs for males was 22. Table 4 ) and NHB non-obese (47.0 vs. 41.8 nmol/L, p<0.01, Table 4 ) had statistically significantly higher levels of 25OHD levels than NHW and NHB obese respectively; however, the same was not true for HISP and OTH. Among non-obese seniors, the order of 25OHD levels by race/ethnicity was: NHW (67.9 nmol/L) > HISP (54.2 nmol/L) > NHB (47.0 nmol/L) and the differences were statistically significant (p<0.01, Table 4 ). Among obese seniors also, the order of 25OHD levels by race/ethnicity was: NHW (58.4 nmol/L) > HISP (52.4 nmol/L) > NHB (41.8 nmol/L) and the differences were statistically significant (p<0.01, Table 4 ).
The levels of 25OHD were found to increase with increase in age (β=0.0065, p=0.01, Table 2 ) as well as PIR (β=0.00518, p<0.01, Table 2 ). There was also a statistical significant positive association between the levels of 25OHD and serum calcium (β=0.9036, p<0.01, Table 2 ) as well as serum phosphorus (β=0.08115, p=0.04, Table 2 ).
The levels of 25OHD were found to increase with increase PIR (β=0.00863, p=0.01, Table 2 ). There was a statistically significant positive association between the levels of 25OHD and serum calcium (β=1.66821, p<0.01, Table 2 ) but no statistically significant association was found with serum phosphorus (β=0.13577, p=0.06, Table 2 ). Table 4 ) and females (54.1 vs. 47.1 nmol/L), non-obese had statistically higher AGMs (p<0.01) for 25OHD than obese individuals, obese-non-obese difference for females was double of what it was males (7.0 vs. 3.5 nmol/L). While male non-obese did have statistically significantly higher 25OHD levels than female non-obese individuals (p<0.01), the same was not observed between male and female obese individuals (48.5 vs. 47.1 nmol/L). While smoking did not affect 25OHD levels in general, female non-smokers did have statistically significantly higher 25OHD levels than male nonsmokers (52.2 vs. 50.8 nmol/L, p<0.01, Table 4 ). There were no statistically significant different in AGMs for 25OHD among male and female seniors (Table 4) . Non-smoker seniors had statistically higher 25OHD levels than smoker seniors (57.8 vs. 47.8 nmol/L, p<0.01, Table 4 ) by about 20%.
Seniors aged 65+ years
Discussion
In a study of 634 healthy adults aged 18-50 years, Mitchell, et al. reported 25OHD levels to be higher among NHW than NHB (31 ng/mL vs. 17 ng/mL) and females to have higher levels than males (30 ng/mL vs. 24 ng/mL) [25] . Looker, et al. also reported 25OHD levels to be in the order NHW > Mexican Americans > NHB but males to have higher levels than females [26] . In patients
Impact of gender and race/ethnicity
Among NHW, NHB, and HISP, non-obese individuals had statistically significantly higher AGMs (p<0.01, Table 4 ) for 25OHD than obese individuals but non-obese-obese differences were 11.3, 5.5, and 3.6 nmol/L for NHW, HISP, and NHB respectively. Among non-obese individuals, the order in which AGMs by race/ethnicity were observed was: NHW > HISP > OTH > NHB and all pairwise differences were statistically significant except between HISP and OTH. Among, obese individuals also, NHW > HISP > OTH > NHB and all pairwise differences were statistically significant except between HISP and OTH. However, race-wise differences in AGMs between obese and non-obese varied substantially. For example, while non-obese differences between NHW and NHB was 11.4 nmol/L, it was 3.6 nmol/L among obese NHW and NHB (Table 4 ).
In summary, (i) male children and adolescents were found to have higher levels of 25OHD than female children and adolescents respectively, (ii) the order of 25OHD levels by race/ethnicity was NHW > HISP > NHB, (iii) obesity was associated with lower levels of 25OHD, (iv) smoking was associated with lower levels of 25OHD, (v) PIR was positively associated with the levels of 25OHD, and (vi) for children, age was negatively associated with 25OHD levels and among adults aged 20-64 years, age was positively associated with 25OHD levels. undergoing coronary angiography, females were reported to have lower vitamin D levels than males Verdoia, et al. [27] . In this study vitamin D levels based on LC-MS/MS measurements were not found to be statistically significantly difference between males and females aged >= 20 years but among children as well as adolescents, males were found to be statistically significantly higher levels than females but the differences were small, namely, 2.2 nmol/L for children and 2.9 nmol/L among adolescents. As was found by Looker, et al. and Mitchell, et al. (2012) , the order of 25OHD levels by race/ethnicity in this study for those aged >= 20 years, was observed to be NHW > HISP > NHB and pairwise differences were statistically significantly different [25, 26] . The order of 25OHD levels by race/ethnicity for children and adolescents was also observed to be the same. NHB have been reported to have lower 25OHD levels because of the fact that pigmentation reduces vitamin D production in skin as well as lower vitamin D intake by NHB as compared with other racial/ethnic groups Harris [28] . Metabolic differences based in race/ethnicity may provide additional explanation.
Smokers were found to have lower levels of 25OHD for both 20-64 and ≥ 65 years old. This means certain constituents in tobacco smoke may adversely affect the levels of Vitamin D and as such smokers may be faced with adverse consequences associated with Vitamin D deficiency to a larger extent than non-smokers.
Impact of smoking
Impact of age
While no formal statistical comparisons were made, children were found to have substantially higher 25OHD levels than adolescents irrespective of gender and race/ethnicity. Adults aged 20-64 years had lower levels than seniors aged >= 65 years for males 50.2 vs. 53.7 nmol/L), females (50.4 vs. 52.4 nmol/L), and NHB (38.7 vs. 44.3 nml/L) but the reverse was true for NHW (66.6 vs. 62.9 nmol/L). In addition, among children, 25OHD levels decreased with age (p<0.01) and among adults, they increased with age (p=0.01). However, Fujisawa, et al. did not find any age related changes in 25OHD levels among children, younger and older adults [29] . Tsai, et al. also did not observe any age related changes in 25OHD levels in Chinese females aged 18-80 years except lowering of these levels at the two extremes of ages [30] . Age related changes in 25OHD levels observed in this study may be associated with changes in vitamin D intake and/or metabolic changes associated with ageing.
Positive association between vitamin D levels and serum calcium and phosphorus observed in this study is in conformity with the essential role that vitamin D plays in calcium and phosphorus homeostasis as suggested by Tsiaras, et al. [31] . A deficiency in Vitamin D may be associated with deficiency in both calcium and phosphorous or vice versa.
Summary and conclusions
Association with calcium and phosphorus Wallace, et al. (2013) reported low income and overweight to have lower levels of vitamin D which is similar to what was found in this study [32] .
Impact of obesity
Low PIR was found to be associated with lower levels of 25OHD. These results are in conformity with those reported by Moore, et al. because lower Vitamin D intake is associated with low PIR [33, 34] .
